Monofunctional maleimides have been used to covalently modify the coupling factor protein of monocot thylakoid membranes. As with dicot thylakoids, incubation of the monocot thylakoids with maleimides in the light but not in the dark results in inhibition of both ATP synthesis and hydrolysis. In the dark, sites on the Y and subunits of maize Zea mays coupling factor 1 are modified after incubation of maize mesophyll thylakoids with the fluorescent maleimide N-(anilinonaphthyl-4) maleimide. A light accessible site localized solely to the y subunit has also been demonstrated. itaria sanguinalis]) with bifunctional maleimides or thiol oxidants in the light does not result in functional uncoupling, i.e the bifunctional reagents act more like energy transfer inhibitors. The lack of functional uncoupling could be due either to a failure of the reagents to cross-link key sulfhydryl residues in the y subunit or to the continued ability of the y subunit to gate proton movements through the chloroplast coupling factor complex even though its conformation has been altered by sulfhydryl reagents.
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The y subunit of the spinach proton-ATPase contains one disulfide bridge and two free sulfhydryls (9) . One of the free sulffiydryls (S4 in McCarty's terminology [15] ) is readily accessible to modification by maleimides in the dark. Modification of S4 has no apparent effect on energy transduction mediated by the coupling factor (CF,3). The second free sulfhydryl (S3) is not readily accessible, but becomes available when the thylakoid membrane is energized. Modification of S3 with maleimides inhibits both ATP synthesis and hydrolysis without affecting proton leakiness (10, 12) . With spinach thylakoids inhibition of CF, catalytic activities by monofunctional maleimides is energy dependent (10) . Whereas with Dunaliella and Spirulina membranes maleimide inhibition of CF, does not require a light-induced protonmotive force (6, 20) . When S3 (Cys-89) and S4 (Cys-322) of cross-linked by bifunctional maleimides or by reagents that oxidize vicinal dithiols, e.g., DTNP, the thylakoids are rendered proton leaky (16) .
Of interest to us has been the question of how general these phenomena are with regard to the gamma subunits of coupling factors other than spinach CF,? In the present work we have extended the study of the interaction of sulfhydryl reagents with the proton ATPase to the mesophyll thylakoids of monocots.
MATERIALS AND METHODS
Zea mays (Pioneer hybrid #3747 or FR9cms x FR37), Hordeum vulgare (var Barsoy), and Pisum sativum (Progress #9) were grown in a greenhouse with a 15-h photoperiod maintained with supplemental low pressure sodium vapor lamps and incandescent lamps. Digitaria sanguinalis plants were grown in the summer in a greenhouse under natural illumination. Spinach was obtained from local markets. Mesophyll thylakoids were isolated from 50 to 60 g of leaf material chopped into 0.5 to 1.0 cm segments. The segments were homogenized with a Polytron PT-35 at a setting of "6" for 5 s in 300 mL of a basic medium containing 400 mM sorbitol, 50 mM Tricine-Na+ (pH 7.8), 10 mM NaCl, and 2 mM MgCl2. For spinach, pea, and barley the grinding medium also contained 0.05% BSA and 0.1% ascorbate. For maize and crabgrass, the grinding medium contained 0.2% BSA, 0.2% ascorbate and 2 g of Polyclar AT. The homogenate was filtered through a combination of nylon bolting cloth and Miracloth and centrifuged for 5 min at 3000g to collect the thylakoids. The thylakoids were washed once (3000g) for 5 min with basic grinding medium and resuspended in the same medium. Chl was estimated spectrophotometrically in 80% acetone extracts (1) .
Oxygen evolution was assayed polarographically in ratesaturating orange light (2). The assay mixture contained 100 mM sorbitol, 25 mm Tricine-Na+ (pH 8.1), 25 mM NaCl, 5 mM MgCl2, 0.1 mm methyl viologen, 0.5 mM NaN3, 0.1 mM ATP, and thylakoids equivalent to 15 to 25 ,ug Chl/ml. Ca2+-ATPase activity associated with soluble CF, was assayed as described previously ( 13 (8) . The assays were performed at 37°C for 10 min. ATP synthesis was assayed as described elsewhere (3, 4) . Pi was estimated colorimetrically (21) .
Maize CF, was isolated from maize mesophyll thylakoids employing the chloroform release method of Younis et al. (23) . The protein was judged to be 90% pure by SDS-polyacrylamide electrophoresis. ANM labeling of soluble or membrane-bound maize CF, was carried out as described by McCarty and co-workers (17, 18) . Fluorescence measurements were made with a Perkin-Elmer number 650-1OS spectrofluorometer. ANM (Fig. 1 ).
Both the S032-dependent Mg2+-ATPase and ATP synthase activities of maize mesophyll thylakoids are inhibited to a similar extent by the monofunctional maleimides NPM and ANM (Table I) . Treating spinach thylakoids with bifunctional maleimides (OPBM, APBM) or the thiol oxidant DTNP renders the thylakoids proton leaky (which is indicated by an increase in the rate of non-phosphorylating electron flow) ( 14, 16) . When spinach thylakoids were treated, under appropriate conditions in the light with OPBM there was approximately Maleimide treatment of maize mesophyll and spinach thylakoids in the light was performed as described in the legend to Figure 1 . The illuminated samples (13-15 mg Chl/mI) were then employed in electron transport assays with methyl viologen as acceptor.
a threefold increase in the rate ofbasal electron transport (Fig.  2) . In contrast, treatment of maize mesophyll thylakoids with OPBM was without effect. y subunit and a change in the mobility of y (Fig. 4) . In agreement with the observations of Patrie and Miles little if any labeling of the E subunit is observed with the soluble protein.
When CF, was isolated from maize mesophyll thylakoids that had been incubated in the dark with 30 ,uM ANM both the y and E subunits were labeled (Fig. 5) . Pretreatment of the membranes with NEM completely eliminated the ANM labeling. When the ANM labeling was performed under energized conditions both y and E were labeled. Pretreatment of the membranes with NEM eliminated the labeling ofthe E subunit but not the labeling of the y subunit (Fig. 6) .
When ANM is protein bound, there is a blue shift in the fluorescence emission maximum (7) . Spinach CF, modified with ANM (NEM pretreated) exhibits a fluorescence maximum at 430 nm (18) . When Figure 5 . ANM labeling of membrane-bound CF1 in the dark. Maize mesophyll thylakoids equivalent to 10 mg Chi were incubated (0.1 mg Chl/mL) in the dark in a medium containing 50 mm NaCI, 50 mM Tricine-Na+ (pH 8.0), 2.5 mm MgCI2 and 0.03 mm ANM for 5 min at room temperature with stirring. After the incubation period, DTT was added to a final concentration of 0.5 mm. The thylakoids were collected by centrifugation (50OOg for 10 min) and resuspended in a medium containing 10 mm Tricine-Na+ (pH 8.0), 5 mm NaCI. The thylakoids were allowed to swell on ice for 10 min. They were pelleted by centrifugation (1 0,000g for 15 min) and resuspended in a medium containing 250 mm sucrose, 20 mm Tricine-Na+ (pH 7.6), 1 With algal and cyanobacterial coupling factors the sulfhydryl residue critical for catalytic activity appears to be accessible to covalent modification by maleimides in the dark under nonenergized conditions. Monocot y subunits appear to be similar to dicot y subunits in that covalent modification occurs only under energized conditions. In both spinach and cyanobacteria the reactive cysteine appears to be at residue 89 or 90 in the primary structure of the gamma subunit (5, 1 1). Primary sequence data for the maize y subunit is not presently available.
